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Abstract 
Wideband Code Division Multiple Access (WCDMA) technology has emerged as the most widely adopted air 
interface technology for third generation Universal Mobile Telecommunication System (UMTS) network 
architecture. This paper presents a real time implementation of WCDMA system on TMS320C6713DSK. A 
comparison between the bit error rate (BER) performance of the proposed WCDMA system on TMS320C6713DSK 
and the simulated WCDMA system on Simulink is presented to validate proposed implementation. Synthesis reports 
show that the system fits real time applications.  
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of C3IT  
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1. INTRODUCTION
There has been a tremendous growth in wireless communication technology over the past decade. The 
significant increase in number of subscribers and with the introduction of new bandwidth consuming 
applications such as gaming, music downloading and video streaming will place new demands on 
capacity over cellular networks. The answer to the capacity demand is the provision of the new spectrum 
(allocation of 2 GHz for 3G telecom systems) and the development of new technology referred to as 
wideband CDMA or WCDMA. WCDMA is a step further in the CDMA technology it uses 5 MHz wide 
radio signal and a chip rate of 3.84Mcps, which is 3 times then the chip rate of CDMA2000.  
This paper discusses about the implementation and performance analysis of WCDMA system over 
AWGN channel on Texas Instruments TMS320C6713 Digital Signal Processing Starter Kit. The paper is 
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organized as follows. Section 2 consists of brief description of TMS320C6713DSK. Section 3 discusses 
about System Modelling and Section 4 about Design Considerations. Section 5 discuss about 
Implementation Details. Section 6 describes the performance evaluation of the real-time WCDMA 
system. Finally section 7 concludes the paper. 
2. TMS320C6713DSK 
The TMS320C6713 DSP composes the floating-point DSP generation in the TMS320C6000™ DSP 
platform. The C6713 device is based on the high-performance, advanced very-long-instruction-word 
(VLIW) architecture developed by Texas Instruments (TI), making this DSP an excellent choice for 
multi-channel and multifunction applications. The DSK also serves as a hardware reference design for the 
TMS320C6713 DSP. Operating at 225 MHz, the C6713 delivers up to 1350 million floating-point 
operations per second (MFLOPS), 1800 million instructions per second (MIPS), and with dual fixed-
/floating-point multipliers up to 450 million multiply-accumulate operations per second. 
An on-board AIC23 codec allows the DSP to transmit and receive analog signals. McBSP0 is used for 
the codec control interface and McBSP1 is used for data. Analog audio I/O is done through audio jacks 
that correspond to microphone input, line input, line output and headphone output. A programmable logic 
device called a CPLD is used to implement glue logic that ties the board components together. The CPLD 
has a register based user interface that lets the user configure the board by reading and writing to the 
CPLD registers [2].  
3. WCDMA SYSTEM MODELLING 
                            
Figure 1: Block diagram of WCDMA system 
x Input Data: Speech signal is used as Input data, fed through Line In or stored in memory of 
TMS320C6713DSK. 
x Spreading Sequence: Walsh Code is used as Spreading Sequence. Walsh codes are the most common 
orthogonal codes used in WCDMA applications. This code corresponds to the rows of special square 
matrix known as Hadamard matrix. For a set of Walsh codes of length n, there consists of n rows to 
form nxn Walsh code square matrix.       
x Spreader: Multiplier has been used to operate like a spreader. Spreader causes the data symbols to be 
spreaded to a higher bandwidth by multiplying the random data symbols (with bit rate Tb) with a high 
bit rate spreading sequence (with chip rate Tc). 
x Modulator: QPSK modulation scheme employed to modulate the spreaded sequence. 
x AWGN Channel : This block adds the additive white Gaussian Noise to the Modulated data sequence 
x Demodulator: QPSK De-modulation scheme employed to demodulate the modulated data sequence. 
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x De-spreader: This block recovers the input data from the demodulated spreaded sequence. 
x Error Calculation: In this stage the received data is compared with the input data to calculate the bit 
error. 
4.  DESIGN CONSIDERATIONS 
4.1. Multi-User WCDMA system: 
Figure 2: Block Diagram of multi-user WCDMA system. 
x Input data: Since there is only one Line In, Audio Signal corresponding to N different user cannot be 
fed simultaneously to TMS320C6713DSK. Hence Audio Signal corresponding to N different users is 
stored in memory.  Block diagram represents 3 users operating simultaneously.  
x Spreading Sequence: Walsh codes are used as spreading sequence.  To accommodate 3 users Walsh 
codes (0, 5, 3) are used as spreading sequence. 
 [0   0   0   0] = 0, [0   1   0   1] = 5, [0   0   1   1] = 3 
x Spreaded Sequence of each user is added together to form a single composite signal.[4] 
x De-Spreading Sequence: The user data is recovered from the single composite signal by a process 
known as de-spreading using.[4] 
x The de-spreading sequence can be selected through the dip switches, the received signal will be sent to 
on board codec and audio signal appears at the LINE OUT of TMS320C6713DSK. 
4.2. Performance Analysis Parameters: 
Parameters considered to carry out performance analysis of WCDMA system in real time over AWGN 
channel are  
x Input Signal:  Audio signal is directly applied to the LINE IN of the TMS320C6713DSK. 
x Data Rate : On board codec sampling rate is set to 32 kHz. Each input sample is of 16 bits. Hence the 
input data rate is 512 kHz. 
x Spreading Sequence : Walsh codes of Length 8 are considered as spreading sequence. Hence chip rate 
is 4.096 Mcps.  
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x Processing Gain : (chip rate / data rate) = 8 
x Modulation Scheme:  QPSK modulation and de-modulation considered.  
5.  IMPLEMENTATION DETAILS 
x Data Buffering: Applications with single buffers for receive and transmit data are very tricky and 
timing dependent. Hence Ping-Pong buffering technique is used. In Ping Pong buffering logic 2 
buffers are used for data transfer instead of one. 
x Input data: Input data sequence converted from uni-polar format to bi-polar format. [4] 
x Spreading Sequence: Spreading Sequence converted from uni-polar format to bi-polar format. [4] 
x Spreader: Multiplier has been used to operate like a spreader. 
x Modulation:  In QPSK scheme 2 bits per symbol is transmitted (00, 01, 10, 11). The phase carrier 
takes one of four equally spaced values (45, 135, 225, and 315) [7]. Hence amplitude of inphase and 
quadrature phase components are equal to [OneBySqrt2, OneBySqrt2] , [-OneBySqrt2, OneBySqrt2], 
[-OneBySqrt2,-OneBySqrt2] , [OneBySqrt2,-OneBySqrt2]  
x AWGN Channel: Based on the corresponding Signal to Noise ratio AWGN is added to transmitted 
symbol. 
x De-Modulation: Based on the Inphase and Qudrature phase components amplitude, the modulated 
data is demodulated. [5] 
x De-spreading: The de-spreaded sequence is multiplied with the de-spreaded data to recover the 
original data sequence. 
x Error rate calculation: For Signal to Noise Ratio ranging from (0 – 15), Recovered data is compared 
with Input data sequence over 100 times and in each iteration error is calculated and mean value is 
considered as the corresponding error.   
6. PERFORMANCE EVALUATION 
Figure 3 shows the BER performance of the proposed Implementation. Performance analysis is carried 
out by varying the SNR and calculating the corresponding bit error. The results obtained are compared to 
that obtained from the Simulink Simulation.   
Figure 3: Performance Evaluation of proposed WCDMA system over AWGN channel  
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7. CONCLUSION 
In this paper, real time implementation of WCDMA on TMS320C6713DSK is proposed. The results 
of the proposed WCDMA system have been validated using Simulation results obtained from Simulink. 
The Result shows that WCDMA system on TMS320C6713DSK can fit Real Time Application.  
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